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(57) Ab.slraet 

An optical circuit for obtaining 
a monitor signal (M2) for the monitor- 
ing of an optical switch ( I ) with input 
gate (1.3) and two output gates (1.1. 
L2) comprises first and second opti- 
cal coupling-oul means (2, 3) for cou- 
pling out first and second coupled-out 
signals with power levels wich are 
fractions of the power of optical sig- 
nals (Oi. O2) exiting at the two output 
gates of the switch. The coupled-out 
signals are combined in optical com- 
bination means (40) into a single opti- 
cal monitor signal (M|) and emitted at 
an output gate (50) to detection means 
(5) for power measurement. By a suitable choice of either the coupling-out fractions of the first and second coupling-out means, or of 
an asymmetry in the combination means, or both, different power fractions of possibly exiting signals (Oi. O2) arc present in the monitor 
signal. By power measurement, at least four switching stales arc unambiguously distinguishable. 



3 3.1 4.2 4 4.3 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


KI 


Tin land 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


I.V 


Latvia 


S/ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


OA 


Bosnia aiid Herzegovina 


GE 


Georgia 


MD 


Republic of Moklova 


TG 


Togo 


nn 


Barbados 


GH 


Ghana 


MG 


Madagascar 


T.J 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


OF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 

UA 


Trini<lad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


Ukraine 


BK 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Stales of Amcrici 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


vz 


Uxliekisian 


CF 


Central African Republic 


JP 


Japan 


NF 


Niger 


VN 


Vict Nam 


cf; 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CM 


Switzerland 


KG 


KyrgyMtan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoirc 


KV 


Democratic People's 


NZ 


New /calami 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Ka2akstan 


RO 


Romania 






C7. 


Czech Republic 


LC 


Saint Lucia 


RU 


RussQji Federation 






Di; 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






I)K 


Denmark 


UK 


Sri Lanka 


SE 


Sweden 








Estonia 


LR 


Liberia 


SC 


Singapore 







wo 99/40738 PCT/EP99/00386 



Optical circuit for obtaining a monitor signal. 

A. Background of the invention 

1 . Field of the invention 

The invention lies in the field of monitoring optical switching points in optical 
systems and networks. More in particular, it relates to an optical circuit for obtaining a 
5 monitor signal for monitoring an optical switch provided with two output gates. 

2. Prior art 

In optical networks optical switches, such as for protection purposes and for 
cross-connecting optical transmission channels, for example, are applied. In particular, 

10 switches with two outputs (1x2 and 2x2 switches) are often applied. Such switches 
require driving and monitoring from a control system of such networks. The control 
system thereto requires information about a switch, such as, for example, about the 
switching state in which it is in. This information could be obtained by monitoring the Ifor 
example, electrical) control signals of the switch. It is preferable, however, to monitor the 

1 5 optical outputs of the switch, in order therewith not only to obtain more information about 
the functioning of the switch, but also about the optical signal itself .\A possibility for 
obtaining said information is by taking off a relatively small fraction (for example 10%) of 
the optical output signal for monitoring purposes at each output by means of an optical 
signal tap, hereinafter referred to as signal tap for short. Such signal taps are known per 

20 se. Integrated versions hereof are known, for example, from references [11 and (2) (for 
more bibliographical details with respect to the references, see below under C). Monitor 
signals obtained in this way are converted with separate oJe converters into electrical 
signals which are subsequently processed in the electrical domain. In principle, all relevant 
parameters required for proper control, including the total optical power, can be 

25 determined in this way. In order to restrict the costs of the extra equipment which is 

required for such control, it is desirable to keep the number of separate monitor signals as 
low as possible. Since optical switches are being increasingly applied in integrated form, 
often together with other optical signal-processing functions, it can further be 
advantageous to limit the number of conversions to the electrical domain as much as 

30 possible. A trivial solution for such a restriction consists of omitting one of the two 
detectors, including the related signal tap. This is done, however, at the expense of 
information whereby, for example, any occurring cross-talk of the switch and the total 
power can no longer be directly determined. 

In general, with respect to a 1x2 switch, or a 2x2 switch of which only one input 
35 gate is used, or to the input gates of which signals are not simultaneously applied, four 
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different switching states can be distinguished which are essential for proper monitoring: 
Sti : an optical signal applied to an input gate is switched via a first 

output gate; 

St2: an optical signal applied to the input gate is switched via a second 

output gate; 

Sti 2: a signal-splitting state in which the optical signal applied is equally 

distributed across the two output gates according to power. 
Dependent upon the type of switch, this state can occur upon, for 
example electrical, failure of the driving action. Thus a digital 
optical switch (DOS) changes into a passive splitter when driving 
action fails. This state can also occur in a reconfigurable network 
having the possibility of signal distribution. 
StO: a zero-state in which, for whatever reason whatsoever, for 

example by a failure of the optical path through the switch, an 
output signal is not present at either of the two output gates. 
There is thus a need for an optical circuit for obtaining a monitor signal with 
which, with the aid of a single signal detector, at least the four switching states described 
are separately identifiable. 

B. Summary of the invention 

The invention provides an optical circuit with which the said need can be met. It 
achieves this with an optical circuit in which, with means for coupling out, (power) 
fractions of any optical signals which may be present at the two output gates are 
obtained, which are subsequently combined by signal combination means into a combined 
optical signal to be detected which is led to one single detector for detection. Said 
combined optical signal which is to be detected, hereinafter referred to as monitor signal, 
is such that the momentary state (that is to say, one of the switching states referred to 
above) of the switch can always be unambiguously determined therefrom. The optical 
circuit exhibits thereto either in the means for coupling out, or in the signal combination 
means, or in both, an unequality or an asymmetry in signal treatment, whereby in the 
monitor signal the optical signals that may be present at the two output gates are 
recognisable as specific power fractions. In this connection, any interference that may 
occur in the monitor signal does not detract from an unambiguous determination of the 
momentary state of the switch. The latter is particularly of importance for application in 
systems with several optical wavelength channels (WDM). 
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According to The invention, the optical circuit is thereto characterised according to 
Claim 1. 

Preferred embodiments of the optical circuit according to the invention are 
summarised in the sub-claims. 

5 

C. References 

11] EP-A-0469793; 
[21 • EP-A-0687962; 

[3] G.J.M. Krijnen, et al., "Simple analytical description of performance of Y- 
10 junctions". Electron. Lett., Vol. 28, pp. 2072-74, 1992. 

The references are deemed to be incorporated in the present specification. 

D. Short descriotion of the drawing 

The invention is further explained below with reference to a drawing which 
15 comprises the following figures: 

FIG. 1 shows a first embodiment of an optical circuit according to the invention; 
FIG. 2 shows a second embodiment of an optical circuit according to the invention; 
FIG. 3 shows a third embodiment of an optical circuit according to the invention. 



20 E. Description of an exemplary embodiment 

In general, four different switching states can be distinguished in a 1 x2 switch, or 
a 2x2 switch, of which only one input gate is used: 

Sti: an optical signal applied to an input gate is switched via a first 

output gate; 

25 St2: an optical signal applied to an input gate is switched via a second 

output gate; 

Sti 2: a signal-splitting state in which the optical signal applied is 

distributed according to power across the two output gates; 
StO: a zero-state in which, for whatever reason- whatsoever, an output 

30 signal is not present at either of the two output gates. 

Dependent upon the type of switch, the state Sti 2 can occur upon failure of the, 
for example electrical, driving action. A digital optical switch (DOS), for example, changes 
upon failure of the driving action into a passive splitter. The state Sti 2 can also occur in a 
reconfigurable network with the capability of signal distribution. The state StO occurs, for 
35 example, upon failure of the optical path through the switch, or upon failure of the input 
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signal at the input gate. Below, with reference to FIG. 1, FIG. 2 and FIG. 3, a first, a 
second and a third embodiment respectively are described of an optical circuit with which 
said four switching states can be unambiguously determined using one single detector. In 
each of the three figures, an optical circuit according to the invention is diagrammatically 
5 represented. In each of the two output gates 1.1 and 1.2 of an optica! switch 1, which Is 
a 1x2 or a 2x2 switch, an optical signal tap is included, viz. signal tap 2 with output 2.1 
and signal tap 3 with output 3.1 in the first embodiment of FIG. 1, signal tap 6 with 
output 6.1 and signal tap 7 with output 7.1 in the second embodiment of FIG. 2, and 
signal tap 14 with output 14.1 and signal tap 15 with output 15.1 in the third 
10 embodiment of FIG. 3. The outputs of the signal taps are connected to input gates of an 
optical signal combiner 40, which is provided with an output gate 50 which is led to 
detection means. 

In the first embodiment (FIG. 1), the optical signal combiner 40 is a Y-junction 4 
with monomodal input gates 4.1 and 4.2, and a bimodal output gate 4,3, while the 

15 detection means are formed by a signal detector 5 with a bimodal input gate, hereinafter 
referred to as bimodal detector 5 for short. The optical signal taps 2 and 3 are signal taps 
with different coupling out fractions fj and fj respectively. 

It is to be noted that, in the present description, bimodal designates that both 
zero-order and first-order modes may be present. 

20 The circuit according to the first embodiment operates as follows. Upon 

undisturbed operation of the switch, an optical signal I entering at an input gate 1.3 of the 
switch 1 will exit either via output gate 1.1 as output signal O, or via output gate 1.2 as 
output signal Oj. The power of either the output signal or the output signal is at any 
rate substantially equal to (or at any rate is in fixed proportion to) the power of the 

25 entering signal I. From a signal O, possibly exiting at the output gate 1.1 of the switch, a 
partial signal dO, is coupled out by the signal tap 2. The partial signal dO, of the signal O, 
is subsequently led to the detector 5 via the input gate 4.1 and the output gate 4.3 of the 
signal combiner 4 as monitor signal M,. Similarly, a partial signal d02 from a possibly 
exiting signal O2 is coupled out in signal tap 3 and subsequently led to the detector 5 as 

30 monitor signal M^. The power of the partial signal dO, (dOj) is a fraction f, (fj) of the 

power of the signal O, (O2). in principle, if f, and fj differ sufficiently from each other and 
from zero, an unambiguous distinction can be made by power measurement in the 
detector 5 between the switching states StO, Sti and St2 of the switch, if the switching 
state Sti 2 were to occur, however, output signals O, and O2 will exit simultaneously at 

35 both output gates, although with a power which, for example, is approximately half the 
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power of the input signal I. In the respective signal taps, partial signals dO, and dOj, with 
power fractions f, and fj respectively, are coupled out. The two partial signals are merged 
in the signal combiner 4 and led to the detector 5 as a single monitor signal M^. Since the 
two partial signals are merged in a bimodal waveguide, no interference occurs. This means 
5 that the power of the monitor signal M, is equal to (f, + f2l/2 times the power of the 
input signal I. Therefore, if the two fractions f^ and differ sufficiently, the switching 
state Stl2 will also be unambiguously distinguishable from the other switching states. 
Suitable values for the two fractions are, for example, 5% and 10%. In principle, cross- 
talk can also be detected. If, for the suitable values mentioned for the fractions, a power 

10 for the monitor signal is measured, for example, of 5.1 % of the input power, then this 
implies a switching state in which the signal substantially exits at the output gate {for 
example 1.1) in which the 5% signal tap (tap 2) is included, be it with a cross-talk of 
20dB to the other output gate (1.2). 

This first embodiment has two limitations. In the first place, the required bimodal 

15 detector is larger and therefore slower than a monomodal detector. This can give rise to 
problems if the optical signals must also be analysed at bit level, such as for BER 
measurements for example (BER: Bit Error Ratio). Further, an implementation with optical 
fibres is difficult, since bimodal optical fibres as a product are not current and the merging 
of two monomodal fibres gives rise to a coupling problem with the bimodal detector. 

20 Admittedly, a "fused" feeder of two monomodal fibres is indeed implementable in 
principle, and combination by projection on the detector is also possible. These are 
relatively expensive solutions, however. The second embodiment of the optical circuit, 
which is diagrammatically shown in FIG. 2, meets these limitations. In this second 
embodiment, the optical signal combiner 40 consists of two Y-junctions 8 and 9 mutually 

25 coupled via their stem, while the detection means are formed by a signal detector 10 with 
a monomodal input gate, hereinafter referred to as monomodal detector 10 for short. The 
outputs 6.1 and 7.1 of the signal taps are connected respectively to input gates 8.1 and 
8.2 of a first Y-junction 8. Output gate 8.3 of the first Y-junction 8 is connected directly 
to an input gate 9.1 of the second Y-junction 9. Of the second Y-junction 9, a first output 

30 gate 9.2 iorms the output gate 50 of the signal combiner 40, which is led to the 

monomodal detector 10, while a second output gate 9.3 of it is not used. The first Y- 
junction 8 is a completely asymmetrical Y-junction which is provided with monomodal 
input gates 8.1. and 8.2, and a bimodal output gate 8.3, and which operates as a mode 
splitter or mode filter. The second Y-junction 9 is an incomplete asymmetrical Y-junction, 

35 which is provided with a bimodal input gate 9.1 and monomodal output gates, and which 
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operates as a non-ideal mode splitter with a splitting ratio of o/n-o), with 0<a<0.5. Such 
an Incomplete asymmetrical Y-junction is known from reference (3], for example. The 
optical signal taps 6 and 7 are signal taps with coupling out fractions fj and 
respectively. 

5 The circuit according to the second embodiment operates as follows. Upon 

undisturbed operation of the switch, an optical signal I entering at an input gate 1.3 of the 
switch 1 will exit either via output gate 1 ,1 as output signal O,, or via output gate 1 .2 as 
output signal Oj. The power of either the output signal O, or the output signal O2 is at any 
rate substantially equal to (or at any rate is in fixed proportion to) the power of the 

10 entering signal I. From a signal possibly exiting at the output gate 1 .1 of the switch, a 
partial signal dO^ is coupled out by the signal tap 6, said signal subsequently being led via 
the input gate 8.1 and the output gate 8.3 of the first Y-junction 8 to the input gate 9.1 
of the second Y-junction 9. The power of partial signal dO, is a fraction fa of the power of 
signal O,, Similarly, a partial signal d02 from a possibly exiting signal O2 at the output gate 

15 1.2 of the switch is uncoupled by the signal tap 7, and is led via the input gate 8.2 and 

the output gate 8.3 of the first Y-junction 8 to the input gate 9.1 of ihe second Y-junction 
9. The power of partial signal dOj is a fraction f, of the power of signal Oj. As a result of 
the asymmetry in the first Y-junction 8, one of the two partial signals dOi and dOj (for 
example partial signal dO,, if the asymmetry of the first Y-junction 8 is such that the 

20 propagation constant of the input gate 8.1 is smaller than that of the input gate 8.2) 
propagates in the first order mode at the input gate 9.1, while the other partial signal 
(partial signal dO^) propagates in the zero-order mode. As a result of the incomplete 
asymmetry in the second Y-junction 9, a fraction a of one of the two partial signals (for 
example of the partial signal dOj propagating in the zero order mode if the asymmetry in 

25 the second Y-junction 9 is such that the propagation constant of the output gate 9.2 is 
smaller than that of the output gate 9.3) appears at the output gate 9.2 of the second Y- 
junction 9, while of the other partial signal (in this case of the partial signal dO, 
propagating in the first order mode) a fraction (1-a) appears at the output gate 9 (and 
there radiates away). This means that if, upon undisturbed operation of the switch, only 

30 output signal O, is present (switching state Sti), a part of the output signal arrives at 
the detector 10 as monitor signal Mj, said part having a power which is a fraction a*f 3 of 
the power of the output signal O,. If only output signal O2 is present (switching state St2), 
a fraction (1-a)*f4 of the power of this output signal arrives at the detector 10 as monitor 
signal Mj. By a suitable choice of the fractions a, fa and f^, it can be arranged that the 

35 detected power levels of the monitor signal in the three switching states Sti , St2 and StO 
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differ from each other in a distinguishable manner. If signal is present at both output gates 
1 .1 and 1.2 of the switch, partial signals of both output signals are present in the 
monomodal output gate 9.2 of the second Y-junction 9, which now do interfere. The 
power of two interfering signals on the detector is proportional to the square of the 
combined amplitude of the separate signals, said combined amplitude being dependent 
upon the relative phase difference between the two signals. This combined amplitude 
therefore lies in an interval between the sum (completely in phase) and the difference 
(complete out of phase) of the amplitudes of the separate signals. The switching state 
Sti 2, however, must be unambiguously distinguishable, independent of the phase 
differences. To this end a. f, and f, are chosen such that a power measured in switching 
state Sti 2 lies in an interval and that the measured powers of the other switching states 
lie outside this interval. This interval is hereinafter referred to as discernment interval. 

Example 1: For ct = 0.1 and f3 = f4 = 0.1, the measured power levels for the 
states StO, Sti and St2 are respectively 0%, 1 % and 9% of the power of the input signal 
I, while for the state Sti 2 this power lies in an interval between 2 to 8%, the discernment 

V 

interval. 

In general, it can be assumed that, if the power fractions in the monitor signal for 
the states Sti and St2 (or St2 and Sti) are in the ratio of cp to 1-<P (with 0<cp<2), such 
a discernment interval always exists if: O < 2(1 - 2%2). 

(p can be considered as a measure of the unequality of the asymmetry in the 
treatment of the signal fractions coupled out in the signal taps, and therewith as a 
measure for the asymmetry in the optical circuit as a whole. 

(Note. For example 1 it holds that: 

tp = (CTf,)«{(arf3)+(1-a)f4)' = o = 0.1.) 

The operation of the optical circuit of FIG. 2 remains unaltered if the place of the 
complete and the incomplete asymmetrical Y-junctions 8 and 9 in the optical circuit is 
interchanged. Asymmetrical Y-junctions possess the function of mode splitter or mode 
filter. This means that other types of mode splitters or mode filters, such as on the basis 
of an MMI coupler (MMI: multi-mode interference), can also be applied. 

In the third embodiment (FIG. 3), which in fact is a simplification of the second 
embodiment, the optical signal combiner 40 is a Y-junction 1 7 with monomodal input 
gates 17.1 and 17.2. and a monomodal output gate 17.3, while the detection means are 
formed by a monomodal signal detector 18. The optical signal taps 14 and 15 are signal 
taps with coupling out fractions f, and fg respectively. Although the Y-junction 17 can also 
be an incomplete asymmetrical Y-junction in this embodiment, the most simple realisation 
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is obtained if the Y-junction 1 7 is a symmetrical Y-junction and the coupling out fractions 
U and U are chosen sufficiently different from each other. It is to be noted that, due to 
the fact that the output gate 1 7.3 is not bimodal but monomodal, half of the signal power 
coupled out in the signal taps in the symmetrical Y-junction radiates away. 
5 Example 2: For fs = 0.01 and fj = 0-09, the measured power in the monitor 

signal M3 for the states StO, Sti and St2 is 0%, 0.5% and 4.5% respectively of the 
power of the input signal I, while for the state Sti 2 this power lies within the discernment 
interval of 1 to 4%. The measure for the asymmetry of the optical circuit is cp = 0.1, the 
same as that in Example 1. 
10 In principle, cross-talk can also be established in the second and in the third 

embodiment by deviations of the percentages in the states Sti and St2, but this is 
restricted to an estimate of the order of magnitude, however, because of the occurring 
interferences. 

In the embodiments of the optical circuit described, it was assumed that the total 
1 5 power through the switch is known. If this is not the case, however, it can be simply 

determined by putting the switch in the switching states Sti and St2 in succession. From 
the measured power levels in this regard the total power can be derived. 
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F. Claims 

1 . Optical circuit for obtaining a monitor signal for the monitoring of an optica! switch 
provided with an input gate, a first output gate and a second output gate, said optical 
switch having a plurality of switching states, said optical circuit being characterised by : 

- first means for coupling out a first optical coupled-out signal with a power which 
is a fraction of the power of an optical signal exiting at the first output gate of the switch, 
said fraction hereinafter being referred to as first signal fraction, 

- second means for coupling out a second optical coupled-out signal with a power 
which is a fraction of the power of an optical signal exiting at the second output gate of 
the switch, said fraction hereinafter being referred to as second signal fraction, and 

- optical signal combination means provided with an output gate, for combining 
the first and the second coupled-out signals and for emitting an optical monitor signal at 
the output gate, 

the optical circuit having an asymmetry in a degree to which each switching state of the 
plurality of switching states of the switch corresponds to a different power of the monitor 
signal at the output gate. 

2. Optical circuit according to Claim 1, characterise d in that the optical signal 
combination means comprise a Y-shaped wave-guiding element provided with a 
multimodal waveguide in which the first and second coupled-out signals are combined, at 
any rate substantially, without power loss. 

3. Optical circuit according to Claim 2, characterised in that the Y-shaped wave- 
guiding element is a Y-junction provided with a bimodal stem and two monomodal 
branches, said two monomodal branches respectively being connected to the first and the 
second coupling-out means. 

4. Optical circuit according to Claim 3, characterised in that the first and second 
coupling-out means have different coupling-out fractions, that the Y-junction is 
symmetrical, and that the bimodal stem of the Y-junction forms the output gate of the 
combination means. 

5. Optical circuit according to Claim 4, characteris ed in that the coupling-out 
fractions of the first and second coupling-out means differ substantially by a factor of 



two. 



6. Optical circuit according to Claim 3, rharacterised in that the optical combination 
means comprise a further Y-junction having a bimodal stem and two monomodal 
branches, in which the bimodal stem of the further Y-junction is directly coupled to the 
bimodal stem of the first-mentioned Y-junction, and that one of the monomodal branches 
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of the further Y-junction forms the output gate of the combination means, and that one of 
the two Y-junctions is an asymmetrical Y-junction with, at least substantially, a complete 
mode-splitting function, and the other of the two Y-junctions is an asymmetrical Y- 
junction with an incomplete mode-splitting function. 
5 7. Optical circuit according to Claim 6, characterise d in that the first and second 
coupling-out means have substantially equal coupling-out fractions, and that the 
asymmetrical Y-junction has a splitting ratio of one to nine to the incomplete mode- 
splitting function. 

8. Optical circuit according to Claim 1, characteris ed in that the optical signal 

10 combination means comprise a Y-junction which is provided with a monomodal stem and 
two monomodal branches, said two monomodal branches respectively being connected to 
the first and the second coupling-out means, and that the monomodal stem of the Y- 
junction forms the output gate of the combination means. 

9. Optical circuit according to Claim 8, characterised in that the first and second 

15 coupling-out means have mutually different coupling-out fractions, and that the Y-junction 
is symmetrical. 

10. Optical circuit according to Claim 9, characterised in that the coupling-out 
fractions of the first and second coupling-out means differ substantially by a factor of 
nine. 



wo 99/40738 



PCTyTP99/00386 



1/1 



1 1.1 2 2.1 4.1 40 50 

' ' ' 0 



X 



'1 




>- 



1.3 . 



0, 



1.2 3 3.1 4.2 4 4.3 

FIG. 1 



1 1.1 6 6.1 8.1 40 

' ' 0 




'1 



9.3 50 




>- 



0. 



-< 



I— 1 1 

H >- 



- * 



1 3 1.2 7 7.1 8.2 8 8.3 9.1 9 9.2 

FIG. 2 



10 



1 1.1 14 14,1 17.1 40 50 

0. 




1.3 



1.2 15 15.1 17.2 17 



FIG. 3 



INTERNATIONAL SEARCH REPORT 



Internati Application No 

PCT/EP 99/00386 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H0403/52 H04011/00 



According to International Patent Classmcation (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched {ctassritcation system (ol)owed by ctassrt.cat.on symbols) 

IPC 6 H04Q 



Documentation searched other than minimum documentation to the extent mat such documents are included in the fields searched 



Electronic data base consulted dunng the .nternational search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE FIELEVANT 



Categor/ ^ Citation ot document, with indication, where appropnate. o( the relevant passages 



Relevant to claim No. 



DE 195 34 157 C (SIEMENS AG) 
23 January 1997 
see abstract 

EP 0 469 793 A (AMERICAN TELEPHONE & 
TELEGRAPH) 5 February 1992 
cited in the application 
see abstract 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed m anneir. 



" Special categories of cited documents : 

"A" document defining the general state of the an which is not 

considered to be of particular relevance 
•'£" earlier document but published on or after the mternatfonal 

filing date 

"L" document which may throw doubts on pnority claim(s) or 
which is cited to establish the publication date of another 
Citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

• p" document published prior to the intemational filing date but 
later than the priority date claimed 



later document published after the international filing date 
or prionty date and not in conflict with the application but 
ctted to understand the principle or theory underlying the 
invention 

document o( particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 
' document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

' document member ot the same patent family 



Date of the actual completion of the international search 

30 June 1999 



Name and mailing address of the ISA 

European Patent Otfice. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (-.31 -70) 34O2040. Tx. 31 651 epo nl. 
FaxM^-ai -70) 340-3016 



Date ot mailing of the international search repon 



07/07/1999 



Auihonzed officer 



Ohondt, E 



Form PCT/ISA/210 (second sheet) (July »992) 



INTERNATIONAL SEARCH REPORT 

Im^^.i-natlon on patent (amlly members 



Application No 



PCT/EP 99/00386 



Patent document 
cited in search report 



DE 19534157 



EP 0469793 



Publication 
date 



Patent family 
member(s) 



23-01-1997 
05-02-1992 



NONE 



US 
CA 
JP 



5134671 A 
2041706 A.C 
4254380 A 



Publication 
date 



28-07-1992 
04-02-1992 
09-09-1992 



Form PCT/I S A/210 (patoni tamily annex) (July 1992) 



wo 9^/40738 



1/1 



1 1.1 2 2.U.1 40 50 
' ' ' ' Oi 1 

J 




M 



1.3 



12 3 3-1 4.2 4 4.3 

FIG. 1 



1.1 6 6.1 8.1 




40 



9.3 50 

i 

I 



1.3 



1.2 7 7.1 si a 8.3 9.1 9 9, 

Fia2 



10 



1.1 14 14.1 17.1 40 50 
0 




1.3 



1.2 15 15.1 17,2 17 17.3 



18 



Fia 3 



